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With worldwide epidemic of diabetes mellitus, diabetic nephropathy which is one of the major causes of microvascular compli- 
cation has become a serious concern in Korea as well as the rest of the world. In view of its significance, there is an urgent and 
paramount need for proper managements that could either deter or slow the progression of diabetic nephropathy. Despite ad- 
vances in care, ever increasing number of patients suffering from diabetic kidney disease and from end-stage renal disease im- 
plies that the current management is not adequate in many aspects. The reasons for these inadequacies compromise lack of early 
diagnosis, failure to intervene with timely and aggressive manner, and lack of understanding on the kind of interventions re- 
quired. Another issue equally important for the adequate care of patients with diabetic nephropathy is an understanding of past, 
present and future epidemiology of diabetic nephropathy which serves, especially in Korea, as a material determining standard 
diagnosis and treatment and a national health-policy decision. 
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INTRODUCTION 

Chronic kidney disease (CKD) has become a global health 
care problem. The cost of health services for patients with 
CKD is 1.8 times higher compared to patients without CKD 
[1]. The average cost for a dialysis patient is 10.3 times more 
than that of a non-CKD patient [1]. CKD is one of the widely 
recognized and notorious indicators for hospitalization, car- 
diovascular events, cardiovascular and noncardiac mortality, 
and all-cause of mortality [2,3]. CKD also affects cognitive im- 
pairment and quality of life [4,5] . Unfortunately, there is a dis- 
pute and it is unclear whether the rates of CKD in Korea are 
consistently increasing or not. In contrast, there is a clear re- 
sult that the number of patients with end-stage renal disease 
(ESRD) undergoing dialysis is on the rise among Koreans 
which is the main contributor to the increasing prevalence of 
diabetic kidney disease (DKD) [6]. It is evident that the pro- 
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gression of renal failure continues in DKD despite tight and 
early glucose control, tight blood pressure control as well as 
aggressive renin-angiotensin-aldosterone (RAA) blockade. 
This review summarizes what is known about the epidemiolo- 
gy of CKD and DKD among Korean adults and discusses 
some of the clinically important challenges associated with the 
diagnosis of DKD. 

HOW PREVALENT IS CKD? 

As CKD patients are identified as a group of patients exposed 
to high risk for death with high rate of comorbidities, it is jus- 
tifiable to call for careful study and close attention to the man- 
agement of risk factor [1], CKD (estimated glomerular filtra- 
tion rate [eGFR] <60 mL/min/1.73 m 2 or urine albumin-cre- 
atinine ratio 30 mg/g) is estimated to affect 13.1% of the 
United States (US) population, according to the 2012 US Re- 
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nal Data Systems report [7,8] . Diabetes is the most prevalent 
cause of ESRD and is also the major cause for 40.4% of newly 
developed ESRD in the US, followed by hypertension in the 
cohort in 2005 to 2010 [7,8]. In the Australian Diabetes, Obe- 
sity, and Lifestyle Study, 16.0% of the study population had 
one or more indicators of CKD, such as impaired kidney func- 
tion, hematuria, or proteinuria [9] . As far as the prevalence of 
CKD in the Asian population is concerned, it is reported to be 
12.9% in Japan [10] and 13.0% in Beijing (Fig. 1) [11]. There 
were no big differences in the prevalence of CKD among the 
various countries. Interestingly, the CKD prevalence in the US 
has increased from 10.0% on National Health and Nutritional 
Examination Survey (NHANES) III (1988 to 1994) to 13.1% 
on NHANES 1999 to 2004 [8]. A recent study from Japan also 
showed that the overall CKD prevalence among the Japanese 
male has increased from 13.8% in 1974 to 22.1% in 2002 and it 
was attributed to increase in diabetes, hypercholesterolemia, 
and obesity over the three decades in males [12]. 

In contrast to other countries, the CKD prevalence in the 
Korean adult population has not been well known. According 
to Chin [13], the prevalence of CKD in Korean adult popula- 
tion has decreased from 12.4% in 2006 to 10.2% in 2008 (Fig. 
1 ) . However, the study was conducted in two tertiary hospitals 
and it could not explain the reason for the decrease in the 
prevalence. A recent study also reported that the prevalence of 
CKD in Korean adults in 2009 to be 4.5% in men and 6.3% in 
women citing data from the Korea National Health and Nutri- 
tional Examination Survey (KNHANES) IV [14]. The authors, 
however, did not compare the prevalence of CKD by diabetes 
status, nor did they investigate the determinants of CKD. The 
KNHANES V, conducted in 2011 has defined albuminuria (a 
spot urine albumin/ creatinine ratio > 30 mg/g) and CKD (eGFR 
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Fig. 1. The prevalence of chronic kidney disease (CKD) in Ko- 
rea, Japan, China, USA, and Australia in 2008. 



<60 mL/min/1.73 m 2 ). The prevalences of microalbuminuria, 
macroalbuminuria, and CKD among patients without diabetes 
were 9.4%, 0.8%, and 1.7%, respectively. In contrast, the preva- 
lences of microalbuminuria, macroalbuminuria, and CKD 
among patients with diabetes were 22.0%, 4.6%, and 8.6%, re- 
spectively [15]. In patients without diabetes, the overall preva- 
lence of CKD including albuminuria and decreased eGFR was 
1 1.9% and the prevalence in patients with diabetes was 35.2%. 
Korean adults with diabetes are exposed to the risk of CKD 
three times more than the nondiabetic adults, suggesting that 
diabetes is associated with an approximately 3.0-fold increased 
risk of CKD [15]. Epidemiological studies based on diabetes as 
the primary renal disease must be interpreted with caution 
[16] as renal biopsies are performed in less than 10% to 20% of 
diabetic patients and thus many of nephropathies are deter- 
mined by clinical evaluation based on nephrologists' clinical 
experiences [17]. 

HOW PREVALENT IS DKD? 

Diabetic nephropathy is associated with an increased risk of 
CKD, which is characterized by albuminuria or reduced 
eGFR. Estimates of the prevalence of DKD vary widely. It 
ranges from 10% to 40% for both type 1 and type 2 diabetes 
patient groups depending on the definition of the disease used 
[18,19]. The prevalence of albumiuria varies with ethnicity 
with higher rates reported in Asians as compared to Cauca- 
sians [20,21]. Unfortunately, the prevalence of type 2 diabetes 
has increased worldwide including Korea [22,23] . Data from 
the Centers for Disease Control and Prevention (CDC) report 
that there are approximately 22 million people in the US with 
diabetes [24] . Moreover, the CDC estimates that one in three 
adults in the US will have diabetes by 2050 if the current 
trends continue. According to the numbers from NHANUS 
III report, 19.3% of diabetes had eGFRs <60 mL/min/1.73 m 2 , 
29.9% had urine albumin-creatinine ratios >30 mg/g, and 
8.6% of all patients with diabetes had both [24] . For those with 
hypertension and without diabetes, the reported prevalence of 
eGFRs <60 mL/min/1.73 m 2 , and urine albumin-creatinine 
ratios >30 mg/g, and both were 12.9%, 24.8%, and 4.1%, re- 
spectively [9] . 

According to the recent study, the prevalence of diabetes 
and prediabetes in Korea were 10.5% and 19.3%, respectively 
[25]. In the US, the NHANES III reported that the prevalences 
of microalbuminuria and macroalbuminuria among adults 
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with type 2 diabetes aged >40 years were 35% and 6%, respec- 
tively [8] . Based on the study in 930 patients with type 2 diabe- 
tes, the Shanghai Diabetic Complications Study reported that 
the prevalences of microalbuminuria and macroalbuminuria 
were 22.8% and 3.4%, respectively [26]. According to the KNHA- 
NES V in 201 1, which conducted survey on measured albumin- 
uria for the first time, the prevalence of microalbuminuria, 
macroalbuminuria, and CKD were 22.0%, 4.7%, and 8.6%, re- 
spectively [15]. Other studies have shown slightly different re- 
sults. In a single center study conducted in 1995 including 631 
Korean patients with type 2 diabetes, the prevalence of albu- 
minuria was 34% (20%, microalbuminuria; 14%, macroalbu- 
minuria) [27] as compared to another study in 2011 on 3,738 
patients with type 2 diabetes and hypertension [28], showing 
29.4% (23.1%, microalbuminuria; 6.3%, macroalbuminuria) 
of the prevalence. 

The prevalence of CKD in patients with type 2 diabetes in 
the KNHANES V was 8.6% which is much lower than that in 
Western populations as well as in other East Asian popula- 
tions. In the US, the prevalence of CKD increased from 14.9% 
in NHANES 1988 to 1994 to 17.7% in NHANES 2005 to 2008 
in patients with diabetes [29] . The prevalence of CKD in pa- 
tients with type 2 diabetes was 10.2% in China [30] and 15.3% 
in Japan [31]. The reason for the differences among various 
population groups could be due to their distinct ethnicities 
and MDRD equation [28] . 

HOW DO YOU DIAGNOSE DKD? 

Although there have been significant improvements in the di- 
agnosis of DKD, it is still debatable as to the significance of mi- 
croalbuminuria as a proper indicator of kidney disease. In ad- 
dition, the actual proportion of DKD as a cause of CKD is 
questionable because there often is inaccuracy of documenta- 
tion of medical diagnosis while some patients labeled with 
DKD may have another diagnosis such as hypertension or im- 
munoglobulin A nephropathy [32]. In type 1 diabetes, for 
those with long standing diabetes, retinopathy, microalbumin- 
uria with absence of heavy proteinuria and hematuria and with 
relatively preserved kidney sizes, the diagnosis of DKD can be 
made certainly in more than 95% of patients [33,34] . However, 
renal disease in type 2 diabetes is much more complex. The 
prevalence of nondiabetic renal disease with or without dia- 
betic nephropathy is reported to be around 27% to 79% in type 
2 diabetes with nephropathy [35-39]. Any types of kidney dis- 



ease can occur in patients with diabetes. Because of the lack of 
a precise diagnosis and the associated diseases as confounding 
factors, the clinician should bear in mind that renal disease in 
patients with type 2 diabetes may not be fully attributable to 
DKD alone. Usually diabetic patients undergo diagnostic renal 
biopsies only when the clinical course is not typical for diabetic 
nephropathy. In terms of eGFR, the equations used to estimate 
GFR are not accurate reflections of GFR, but rather general es- 
timates [40] and normal aging can result in an eGFR <60 mL/ 
min/1.73 m 2 . It would be better to select age- appropriate tar- 
gets for the definition of CKD. Therefore, eGFR <60 mL/ 
min/1.73 m 2 is an appropriate indicator for those under 50 
years of age, whereas the definition of stage 3 CKD should be 
eGFR <45 mL/min/1.73 m 2 for people above the age of 50 
years [32]. In sum, a more accurate reflection of the impact of 
CKD (and DKD) is seen in ESRD data with no dispute on the 
number of people with dialysis or transplants [40] . 

Since nephrologists do not make the initial diagnosis of 
DKD, they rely on primary care physicians and endocrinolo- 
gists to make the diagnosis. Thus, one of the major goals for 
nephrologists is to provide them with much in-depth educa- 
tion and maintain good liaison with nonnephrology physi- 
cians who care for patients with diabetes. The routine evalua- 
tion of diabetes for DKD will enable them either to provide 
appropriate treatment or refer to a nephrologist [32] . Referral 
to or at least a screening visit to a nephrologist is mandatory if 
eGFR is declining (<45 mL/min/1.73 m 2 ) and urine albumin- 
creatinine ratio is > 300 mg/g (or urine protein-creatinine ra- 
tio is >0.5 g/g) [32]. In fact, 43% of the total patients started 
dialysis in the US without ever seeing a nephrologist in 2010 
[40] and 38.9% of the patients who were known to have diabe- 
tes started dialysis therapy without ever being referred to a ne- 
phrologist [40] . Late referral to renal specialists is associated 
with increased morbidity and mortality and may result in 
poorer patient-related outcomes [41]. 

HOW PREVALENT IS ESRD? 

In the US, there were about 35,000 dialysis patients and about 
6,000 transplant recipients in 1978 [40]. As of 2010, there were 
approximately 415,000 dialysis patients and 180,000 trans- 
plant recipients. The incidence of ESRD has increased from 
86.8 per million to 347 per million cases per year. Of greater 
importance is the fact that the incidence rates of ESRD had 
been increasing steadily up to 2002, but have remained almost 
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stable since, although the prevalence continues to rise [40] . 
The reason for this slowing of incidence rate of ESRD is due to 
the emergence of diabetes as the major cause of renal disease. 
Despite an increased incidence of diabetes, many studies have 
supported that a person with CKD is much more likely to die 
of a cardiovascular event rather than surviving to receiving di- 
alysis or a transplant for DKD in type 2 diabetes [42-45]. A re- 
cent study demonstrated that patients with diabetes with CKD 
compared to non-DKD have much higher death rates for the 
same level of GFR [42] . However, the total number of patients 
with ESRD continues to increase at a rapid rate with diabetes 
being the principal cause [44] . Fortunately, this trend might 
not continue because there is a recent report suggesting that 
this rapid increase may be slowing down [46] . 

In Korea, total number of patients with renal replacement 
therapy in 2012 was 70,211 and the prevalence of ESRD was 
1,353 patients per million population [6], which was 63,341 
and 1,224 patients per million population, respectively, in 
2011 [6]. As of 2012, the incidence of ESRD was 221 per mil- 
lion cases per year and the number of new ESRD patients was 
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11,472 (Fig. 2). The most common primary cause of ESRD in 
2012 was diabetic nephropathy (50.6%) followed by hyperten- 
sive nephrosclerosis (18.5%) and chronic glomerulonephritis 
(8.1%) (Fig. 3). In contrast to the US, the total number of new 
patients with ESRD has steadily increased, which occurred 
along with an increase in the number of patients with diabetes 
(Fig. 3) [6,25]. Recent KNHANES V study showed that the 
prevalence of diabetes and prediabetes markedly increased 
when hemoglobin Ale (HbAlc) is added as a diagnostic crite- 
rion [25]. Since the proportion of diabetes and prediabetes has 
largely increased, the complications of diabetes including 
DKD will be increasing significantly as well. This trend will be 
much the same for the prevalence and incidence of ESRD pa- 
tients. Therefore, new recommendations will be helpful for 
detection of patients with early diabetic nephropathy with risk 
of complications. The ESRD registry of Korean Society of Ne- 
phrology clearly shows that 46.9% of ESRD patients had died 
of cardiovascular events [6] . Thus, we should consider novel 
means as to how we could improve patient care by early diag- 
nosis, aggressive and proper management of patients with dia- 
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Fig. 2. The prevalence (A) and incidence (B) of end-stage re- 
nal disease (ESRD) from 1986 to 2012 among Korean adults 
from Insan Memorial Dialysis Registry, 2012 [6]. (C) The 
prevalence of ESRD in various countries including Korea, Ja- 
pan, China, USA, and Australia, p.m.p., per million people. 
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Fig. 3. (A) Four major causes of end-stage renal disease (ESRD) in Korean adult patients who initiated renal replacement therapy 
each year among Korean adults from Insan Memorial Dialysis Registry 2012 [6]. (B) The incidence of diabetic nephropathy 
(DN) as a cause of ESRD in various countries including Korea, Japan, China, USA, and Australia in 2011. HBP, hypertensive ne- 
phropathy; CGN, chronic glomerulonephritis; CD, cystic disease. 



betes. 

HOW TO PREVENT THE PROGRESSION OF 
DKD TO ESRD 

To prevent the progression of DKD and subsequent cardiovas- 
cular morbidity and mortality entailed in patients with diabe- 
tes, it is important to personalize treatment and to set treat- 
ment goals for individual patients depending on age, type of 
diabetes, and its duration [47] . Bearing in mind that longer 
duration of diabetes, poor glycemic control, presence of albu- 
minuria, and hypertension are the common risk factors for 
DKD and its progression, a multilateral approach targeting 
these risk factors could be considered. The Steno-2 trial showed 
the success of such a multifactorial approach in patients with 
type 2 diabetes and microalbuminuria [48] . In the Steno-2 tri- 
al, all of the patients were treated for a mean period of 7.8 
years with either conventional or intensive regimen consisting 
of tight glucose control (target HbAlc < 6.5%), blood pressure 
control with RAA system (RAAS) blockade (with its use re- 
gardless of initial blood pressure level; target blood pressure 
< 130/80 mm Hg), aspirin and lipid-lowering agents (target 
total cholesterol <175 mg/dL, fasting triglycerides <150 mg/ 
dL). After 13.3 years of follow-up, intensive therapy was asso- 
ciated with a 20% absolute mortality risk reduction. In the in- 
tensive group, DKD (20 patients vs. 37 patients) and ESRD (1 
patient vs. 6 patients) developed in fewer subjects as compared 
to the conventional regimen group [48]. These results showed 



that a multitargeted therapy can slow the progression of DKD. 
In addition, to potentiate the effects of RAAS blockade, sodi- 
um restriction and/or diuretics should be considered [49]. 
Clinical trials confirming positive effects of aldosterone block- 
ade are also needed [50]. Korean subjects with diabetes 
showed that high blood pressure was significantly associated 
with an increased risk of albuminuria while older age, higher 
serum triglyceride levels, and longer diabetes duration were 
determinants of CKD [15]. Therefore, a multitargeted therapy 
might retard and slow the progression of DKD in Korean dia- 
betic patients. 

DKD is characterized by a long period of clinical silence 
without significant signs or symptoms. Therefore, novel meth- 
ods for detecting early mediators of renal injury are needed to 
find out the onset of DKD at the earliest and to prevent its pro- 
gression. Recently, several new targets are showing promise as 
markers in the prevention and treatment of early DKD in type 
1 diabetes [51]. These are serum uric acid, insulin sensitivity 
vasopressin, and sodium-glucose cotransport-2 inhibition 
which may have same roles in type 2 diabetes as well. Howev- 
er, further studies are required to confirm the roles of these 
targets in type 2 diabetes. We also try our best to identify novel 
and modifiable risk factors, including transforming growth 
factor-P, bone morphogenic growth factor-7 in serum and 
urine that contribute to the development and progression of 
early diabetic nephropathy [52] . 

Advances in our understanding of the mechanisms of DKD 
have identified additional risk factors for nephropathy. Subse- 
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quently, novel therapeutic options are being explored targeting 
these factors. The beneficial effects of many of the novel agents 
on DKD are attributed to their vascular protective factors, an- 
tifibrotic, antioxidant, anti-inflammatory, and intracellular 
metabolic modulatory properties [53-57]. However, many 
clinical trials with novel agents targeting these effects have not 
shown dramatic efficacy in preventing or delaying DKD [53] . 
Thus, continuing research is needed to look for novel therapies 
for DKD and thereby to reduce the morbidity and mortality 
associated with it. 

CONCLUSIONS 

ESRD is a major public health problem in Korea with diabetes 
being the leading cause. Significant improvements have been 
made in the diagnosis, prevention, and treatment of diabetes 
that have contributed to slow progression of the disease and to 
prevent the cardiovascular complications. On the contrary, the 
risk of ESRD in patients with diabetes is not decreasing but it 
is increasing continually. The principal goals of the health care 
system should focus on the prevention and slowing of pro- 
gression of CKD resulting from diabetes and health-care pro- 
viders including nephrologists and endocrinologists are re- 
quired to determine the best approach for both diagnosis and 
management [32] . 

It is very important that the nephrology community pro- 
vides leadership in early diagnosis, best and aggressive man- 
agement, cost-effective interventions, and education to slow 
down the DKD epidemic. Furthermore, research into novel 
therapies to treat diabetic nephropathy is an urgent need aim- 
ing at the prevention and management of DKD and this 
should be preceded by appropriate understanding of the prev- 
alence and the nature of diabetic nephropathy. Clearly, tre- 
mendous additional experimental efforts will be needed to 
uncover the complex pathogenesis of diabetes and its cardio- 
vascular complications. 
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